Introduction
Cholecy~okinin tc,c,u'~ ma ~, be ,t,,, .... (Rehfeld 1985) . Its receptors are widely distributed throughout the central nervous system (CNS), with high densities in the hypothalamus, limbic system, basal ganglia, hippocampus, and cortex . CCK is co-localized with or interacts dopaminergic (Crawley 1991), noradrenergic (Beresford et al 1988; Kane]mki et al 1989) , GABAer~c (gamm_a a_m_iino-butyric acid) (Kaneyuki et al 1989; Sbeehan and de Bellerocbe 1983) , and serotonergic (Brodin et al 1989; Stallone et al 1989) neurotransmitter systems. It may co-modulate hypothalamic-pituitary-adrenal (HPA) axis (Abelson et al 1991) and hypothalamic-pituitary-somolrophic (lIPS) axis activity (Karashima et al 1984; Spencer et al 1991) . Its functional roles are not yet fully defined, but it appears to mediate anxiety and it may participate in satiety (Silver and Morley 1991) , alcohol satiation (Kulkosky et al 1989) , psychosis (Crawley 1991) , nociception (Baber et al 1989) , and drug withdrawal (Hughes et a11991; Singh et al 1991) . Despite a neuroanatomy, neurophysiology, and functional significance that establish CCK as a neurotransmitter of potential importance in a number of psychiatric dis-i!10~ i~Y~41ATI~Y ~ I ~t~j6,~t.~6
orders, it has received relatively little attention in the psychiatric research literature. The dearth of clinical psychiatric research on CCK likely results from the early focus of basic research on its gastrointestinal functions and from a lack of CCK probes that can be used in humans. Recent identification of two types of CCK receptors (CCK-A and CCK-B) and increased awareness of their distributions within both the peripheral and central nervous systems, however, have greatly expanded the range of potential therapeutic applications of CCK active drugs (Dethloff and De La Iglesia 1992) and has led to increased commercial interest in agents with subtype-specific receptor activity and with psychiatric applications. New antagonists with increased specificity for the CCK-B receptor, which is the predominant subtype within the central nervous system, have now shown therapeutic potential in animal models of anxiety disorders and drug abuse . These new agents and the possibility that CCK may play a key role in alerting/alarm circuits make more detailed understanding of human CCK systems of great importance. Cross-species variations in the distribution and function of CCK receptors ) make it difficult, however, to generalize to humans from the animal literature. The availability of selective CCK-B receptor antagonists for human research and their use in conjunction with already available selective agonists will be critical to expanding what we know about CCK receptor function in humans.
Pentagastrin is a 5-amino acid synthetic peptide that has been used as a provocative agent in tests for endocrine tumors (Ahlman et al 1985; O'Connell et al 1990; Oberg et al 1989; Vinik et al 1990) . It is a highly selective CCK-B receptor agonist that offers an established and readily available neuroendocrine probe for human use. We initiated study of pentagastrin infusions in patients with panic disorder because the relevance of the CCK-B receptor to anxiety disorders in general, and panic in particular, has been clearly suggested by both animal a~ad human studies (Bradwejn et al 1991; Singh et al 1991) . The selective CCK-B receptor agonist, CCI~, is now wellestablished as a panicogenic agent (Bradwejn et al 1991) and CCK-B receptor antagonists may provide a novel approach to the treatment of panic disorder (Bradwejn et al 1993) . In a separate article we report that pentagastrin is comparable to CCK4 as a panicogenic agent (Abelson and Nesse 1994) . The present report examines the neuroendocrinology of the CCK-B receptor system in humans, focusing on pentagastrin's effects on neuroendocrine systems that have been implicated in the pathophysioiogy of panic disorder. Because blunted corticotropin [adrenocorticotropic hormone (ACTH)] responses to corticoh-opin-releasing hormone (CRH) provide evidence of an HPA axis abnormality in panic (Roy-Byrne et al 1986) and because CCK agonists can stimulate ACTH release (Degli Uherti et al 1983) , ACTH and cortisol responses are of ~ inte~-est. Panic patients also have blunted growth ~ (GH) .re~po_.n_~es to c!onidine challenge, which ~ an hypothesized abnormality in ~inergic systems (Abelson et al 1992), so we also examir~l GH ~ catecbolamine responses. Finally, it remains unclear if anxiety ~ ~ CCK is due to central or peripheral effects. Pentagastrin can stimulate peripheral release of vasoacfive peptides (Ahlman et ai 1985; Oberg et al 1989; Vinik et al 1990) , which could mediate or mimic peripheral somatic symptoms of panic. We therefore also examined vasoactive intestinal ~ (VIP), neurokinin A (NKA), and substance P. Previously published preliminary analyses of a subset of our ACTH a~ cortisol data (Abelson et al 1991) demonstrated that pentagastrin stimulated the release of ACTH and cortisol and suggested that panic patients might have increased HPA axis responsivity to pentagastrin. These analyses were based on very small samples and were not controlled for placebo responses. We now report the full ~yses of all neuroendocrine data collected in a two phase study.
Methods

Subjects
All 20 subjects gave informed consent and were medically healthy as determined by medical history, physical examination, and screening laboratory tests. AH subjects, including controls, were evaluated using a Structured Clinical Interview for DSM-III-R (Spitzer and Williams 1986) . Panic patients met DSM-HI-R criteria for panic disorder (n = 4) or panic disorder with agoraphobia (n = 6). They did not meet criteria for current (past 6 months) major depression or substance abuse and did not have any history of primary depression or psychosis. Control subjects were recruited from the community using newspaper advertising. They were age matched and gender matched to the patients and did not meet criteria for any Axis I disorder. All women (n = ! 6, 8 in each group) had normal menstrual cycles and were studied within 10 days of onset of menses (to insure they were not pregnant and to avoid the effects of the preovulatory estrogen surge on hormonal measures). All su~ jects were free of psychotropic medication for at least 2 weeks prior to study. Only two patients had received daily pharmacological treatmeW, for panic disorder in the months prior to study (one was taking buspirone and another alprazolam), but both discon*~inued their medication more than a month before the study. A third patient had used occasional doses of lorazepa-m (2-3 times/week) up until 3 weeks prior to study.
Design and Procedures
The study was conducted in two phases in a Clinical Research Center (CRC). In the first phase, five patients and Blood sampling at 30, 15, and 1  min before infusion, and approximately 1 ,3, 5, 7, 10, 15, 20, 30, 45 , and 60 min after infusion allowed detailed initial examinations of hormonal response patterns. These initial results allowed reduced sampling frequency in phase 2, which permitted addition of a placebo infusion without exceeding blood volume limits. An additional five patients and five controls were recruited. Phase 2 subjects were admitted on two occasions a week apart, receiving a saline placebo infusion on visit 1 and pentagastrin on visit 2 (administcred in a single-blind fashion). Samples were obtained at 30 and I min before infusion, and 3, 5, 10, 20, 30, and 45 min after infusion. We used a fixed order of administration, with active substance second, because panic patients are especially reactive to novel situations and therefore stress-reactive measures are likely to be closer to true baselines during a second visit to the CRC. Phase 2 was identical to phase 1 except for the addition of the placebo infusion and the reduced blood sampling frequency.
Subjects were admitted to the CRC the night prior to study. They were awakened at 7:30 AM. At 8 AM an indwelling heparin lock catheter was inserted into an antecubital vein. Baseline blood samples were drawn between 8:30 AM and 8:59 AM. At 9 AM saline placebo or pentagastrin (commercially available as Peptavlon, Wyeth-Ayerst Laboratoties, Philadelphia, PA) was infused into the heparin lock, in view of the patient, in less than 1 rain. The pentagastrin dose was 0.6 Ixg/kg, in a saline vehicle of less than 1 ml. Blood samples were drawn into chilled tubes according to the schedule described above. Samples were spun, separated, and frozen at -70°C within 30 min of being drawn. Details of instructions given to subjects and monitoring of symptom and cardiovascular measures are described elsewhere (Abelson and Nesse 1994) .
Biochemical Assays
Samples for ACTH, GH, substance P, and NKA were drawn into tubes containing ethylenediaminetetraacetic acid (EDTA). ACTH was measured by radioimmunoassay, with a sensitivity of 6 pg/ml and intraassay and interassay coefficients of variation (CVs) of less than 10%. GH, substance P, and NKA were measured by a double-antibody radioimmunoassay. For GH the sensitivity was 0.8 ng/ml and intraassay and interassay CVs were 18.3% and 14.5%, respectively. For substance P the sensitivity was 10 pg/ml and intraassay and interassay CVs were 1.4% and 15.8%, respectively. For NKA the sensitivity was 0.15 pg/ml and CVs were less than 10%. Samples for cortisol and catecholamines were drawn into tubes containing heparin. Cortisol and catecholamines were measured by high-performance liquid chromatography. For cortisol the sensitivity was 0.1 t~g/dl and CVs were less than 6%. For epinephrine, norepinephrine, and dopamine the sensitivities were 17 pg/ml, 11 pg/ml, and 22 pg/ml, respectively. The CVs were all less than 12%. VIP was drawn into tubes containing EDTA and aprotinin. It was measured using radioimmunoassay with a sensitivity of 11 pg/hml and intraassay and interassay CVs of 2.5% and 21%, respectively.
DataAnalyses
Two sets of three-way, repeated measures analyses of variance (ANOVAs) were used for the primary analyses. In order to confirm, with placebo-controlled data, that pentagastrin releases ACTH and cortisol, the initial analyses used phase-2 data alone to examine the effects of drug (pentagastrin versus placebo), diagnosis (patients versus controls), and time. The effects of pentagastrin on hormone release are reflected in the drug effect and the drug-by-time interaction in these analyses~ The drug-by-time-by-diagnosis interaction reflects the degree to which patients and controls responded differently to the 2 conditions (placebo versus pentagastrin) and thus tests whether patients were more sensitive than controls to specific pharmacological effects of the drug.
The second set of analyses ufifized pentagastrin-day data from both phases in three-way ANOVAs (phase-by-diagnosis-by-time). Because the entire sample was included, these analyses had greater power to detect patient-control differences. Phase was included as a between-group main effect in these analyses to determine if prior experience with the infusion procedure (placebo session) altered responses to pentagastrin for phase-2 subjects. Patient-control differences are reflected in the the effect of diagnosis and its interactions. The time-by-diagnosis interaction reflects patient-control group differences in responsivity to pentagastrin. Time is a within-group factor, utilizing baseline and postinfusion measures and reflecting response to the infusion.
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to normalize distributions. In analyses that utilized data ~m both phase 1 and 2 (~CTH, co.sol, GH, and NK~), only time points at which samples were collected in both phases were included. When significant effects were found in the primary ~OV~s, follow-up ~-tests were used to ~mher dissect the findings. ~dditional comparisons were carried out on total preinfusion and postinfusion hormone secretion, as measured by area under the preinfusion and postinfusion curves (AUCs) calculated by trapezoidal approximation, and on peak responses~ calculated by subtracting mean baseline levels from the postinfusion peak level.
Results
One control subject in phase I had a resting norepinephrine level of over 1000 pg/ml, suggesting a neuroendocrine ab- . Subjects in phase I (squares) received only pentagastrin infusion. Subjects in phase 2 (circles) received both pentagastrin and placebo. Group means and SEMs are plotted at each sampling point before and after infusion (arrows). The x-axis was plotted with equal distance between sampling points rather than scaled to actual time to make the graphs more readable. See text for analyse.
normality, and he was dropped from all analyses. Characteristics of the patient and control groups have been presented elsewhere (Abelson and Nesse 1994) .
A CTH and Cortisol
ACTH responses to pentagastrin (phases 1 and 2) and placebo (phase 2) are presented in Figure 1 . Analysis of placebo-controlled data (phase 2 alone, see Table 1 ) confirmed the striking effect ofpentagastrin on ACTH secretion that is evident in the graphs. ACTH levels doubled following pentagastrin infusion but did not respond at all to placebo (effects of drug, time, and their interaction were all highly significant). There were no significant differences between patients and controls in these placebo-controlled analyses, though the drug-by-diagnosis interaction approached sig- Patient-control differences should be more evident in analyses of pentagastrin-day data from the entire sample (phases combined), but the overall ANOVA (Table 2) revealed no significant ACTH differences between patients and controls. The highly significant effect of time in this analysis again reflects the striking rise in ACTH following pentagastrin infusion. Paired t-tests showed ACTH levels to be significantly elevated above baseline levels at 3, 5, 10, 20, and 30 min after infusion It(18) = 5.4, p = 0.0001; t(l 8) = 5.6, p = 0.0001; t(18) = 5.0, p = 0.0001; t(18) = 3.5, p = . There were significant differences between phase I and phase 2 (reflected in the phase effect and phase-by-time interaction), primarily because of elevated baseline ACTH levels in phase 1. For all subjects, preinfusion ACTH secretion (AUC) was significantly higher in phase 1 than in phase 2 It(17) = 4.9, p = 0.0001]. This phase effect on baseline ACTH levels remained significant for patients and controls analyzed separately It(8) = 3.7, p = 0.006; and z(7) = 3.3.59, p = 0.009, respectively]. A phase effect on poszinfusion ACTH secretion was present only.f.or patients [phase 1 > phase 2, z(8) = 2.51, p = 0.036 for patients; z(7) = 0.47, p = 0.65 for controls]. Phase 2 patients look identical to controls in either phase on post-pentagastrin secretion, whereas phase I patients hypersecreted AC'~H before and after infusion (see Figure 1) . Because of the striking effect of phase on baseline ACTH we further examined baseline levels in a two-way ANOVA that utilized mean baseline ACTH during subjects' first visit to the CRC (first and only visit for phase 1 subjects, first of two visits for phase 2 subjects) as the dependent variable. The main effects examined were diagnosis and phase. Both main effects were significant. For all subjects, during their first experience with the infusion paradigm preinfusion ACTH levels were higher in phase 1 than phase 2 [F(I, 15) = 32.7, p = 0.0001 ]. Regardless of phase, patients had higher pre-infusion ACTH levels than controls during the first CRC visit [F(1,15) = 8.2, p = 0.012]. The phase-by-diagnosis interaction was not significant [F(1,15) < 1, p = 0.99].
Cortisol responses to pen~:agastrin (phases 1 and 2) and placebo (phase 2) are presented in Figure 2 . Analysis of placebo-controlled cortisol data (phase 2 alone, see Table 1 ) confirmed the striking effect of pentagastrin on I-IPA activity that was seen in the ACTH analyses and is evident in the cortisol graphs. A normal diurnal decline in cortisol levels is seen following placebo infusions but a clear rise is seen f~bwing pentagas~n infusions (effect of time and the drug-by-time interaction were both highly significant). There were no significant differences between patients and controls in placebo-controlled analyses of cortisol data.
Analyses of pentagastrin-day cortisol data from the combined sample (Table 2 ) also revealed no significant differences between patients and controls. There was a highly significant effect of time in this analysis, again reflecting the striking HPA response to pentagastrin infusion. Cortisol levels declined from 30 min before infusion to 3 rain after infusion, then rose to a peak at 20 rain after pentagastrin. Paired t-tests showed cortisol levels to be significantly below b~eline levels at 3 rain after infusion [t(18) = 4.9, p = 0.0001 ] and significantly elevated above baseline levels at 10, 20, and 30 rain after infusion [t(18) = 5.l,p = 0.0001; z(i8) = 6.0,p = 0.0001; and z(18) = 3.9, p = 0.001, respectively]. "Ihe phase effect was less evident in the cortisoi data than in the ACTH data, but there was a trend towards a significant diagnosis-by-phase interaction (Table 2 ). This interaction reflected the patients' higher cortisol levels throughout phase 1 as compared to phase 2, whereas controls had higher levels throughout phase 2 than they did in phase I.
To search further for possible patient-control group differences, patients and controls were directly compared on preinfusion and postinfusion cortisol secretion, and on peak response, first for the total groups and then separately for each phase. The total patient group (n = 10) did not differ from the total control group (n = 9) on any of these measures (p > 0.60 for each). In phase I patients bad greater postpentagastrin cortisol secretion It(7) = 2.8, p = 0.026] and higher cortisol peaks It(7) = 2.8, p = 0.025] than did controls, but ~ PSY(:m~TZtY ~ ~9~4~&~-% did not differ from controls in baseline secretion [t(7) = 1.8, p = 0.12]. In phase 2 patients and controls were nearly identical on all 3 measures (p > 0.20 for each).
Pearson product-moment correlation coefficients were used to examine relationships between ACTH and co, sol responses and baseline levels. Baseline ACTH and ba~:line cortisoi were significantly related to each other (r--0.6, p --0.006) and postpentagastrin ACTH secretion (AUC) was significantly related to basefine ACTH secretion ~r = 0.6, p = 0.005). Postpentagastrin ACTH secretion was not related to baseline cortisol secretion (r = 0.2, p = 0.51) and the ACTH peak response was not related to either baseline cortisol (r = 0.1, p = 0.58) or baseline ACD~ (r = 0.2, p = 0.50), however. The relationships between both postpentagastrin ACTH secretion and ACTH peak response and baseline cortisol levels remained small and nonsignificant for patient and control groups examined separately.
Pearson correlations were also used to search for relationships between ACTH secretion a~ld baseline and postinfusion symptom levels. There were no relationships between the number of symptoms, total symptom intensity, and anxiety levels experienced i-,efore or after pentagastrin and either the peak ACTH response or total postinfusion ACTH secretion, for the total group and for controls examined separately (r < 0.3, p > 0.23 in every case). When panic patients were examined separately there were inverse relationships (trends) between prepentagastrin anxiety rating and postpentagastrin ACTH secretion (r = -0.6, p = 0.059); and between the number of symptoms experienced in response to pentaga,~trin and peak ACTH response (r = -0.6,p = 0.07). Those ?anic patients who were most anxious prior the infusion and experienced the greatest number of symptoms in respo~.se to it tended to have smaller ACTH responses. A trend in the opposite direction was seen for the total group (patier, ts and controls) receiving placebo (n = 10), with a positive relationship between the number of symptoms experienced after the infusion and peak ACTH levels (r = 0.6,/', = 0.05).
The data were also examined for relationships between the HPA axis and clinical or demographic variables. We detected no effects of age, weight, age of panic onset, duration of illness, ~3anic attack frequency, or presence or absence of agorapt, obia on any measure of HPA axis activity or responsivity to pentagastrin. There were too few men in the study to allow assessment of gender effects.
Growth Hormone -
GH responses to penta~astrin (phases I and 2) and placebo (phase 2) are presented in Figure 3 . One control subject and one patient were dropF,~d ~om GH analyses due to elevated baseline GH levels (>5 ttg~L). Another patient was dropped due to insufficient sample volumes. In contrast to analyses of ACTH and cortisol data, analysis of placebo-controlled GH data revealed no response to pentagastrin (Table 1) . Patient-control differences are suggested by the nearly significant effect of diagnosis and the significant diagnosis-bytime interaction. The interaction effect was due to the rising GH levels seen at 30 and 45 rain following both placebo and pentagastrin in controls, while patients' levels remained fiat (see Figure 3) .
Patient-control differences are slightly more evident in analyses of pentagastrin-day data from the combined sample (Table 2) . Here the main effect of diagnosis was significant. Patients had lower overall mean GH levels than controis (1.02 _+ 1.22 ~g/L versus 1.90 _ 2.04 I~g/L). The main effect of phase also reached significance; overall GH levels were lower in phase 1 than phase 2 (0.87 _+ 0.62 ~g/L versus 2.04 _+ 2.22 p.g/L). T~e lack of any time effects confirms the lack of GH response to pentagastrin infusion. GH levels were extremely low throughout the procedures for nearly all IIIOL PSYCHIATRY 1994; 36:~-96 J.L. Abelson et al subjects. There were few secretory spikes seen and a possible response to pentagastrin was seen for only one subject, a control in phase 2 who went from a baseline of 1.7 l~gFLjust prior to pentagastrin infusion to a peak of 13.3 Ixg/L at 10 rain after pentagastrin.
Overall mean GH levels were inversely related to pentagastrin day baseline ACTH levels (r = -0.8, p = 0.0002). This relationship remained strong for patients and controls examined separately (r < -0.8, p < 0.05 for both) and for phase I and phase 2 data examined separately (r = -0.7, p < 0.06 for both).
Neurokinin A Samples fc;r NKA assay were available from all 10 subjects in phase 2, but only from 3 controls and 4 patients frorphase 1. The two three-way ANOVAs produced only a 16o significant main effect of phase [F(I,13) = 20.299, p = 1,s0 0.0006], and a nearly significant effect of diagnosis [F(i, i 3)~:: = 4.221, p = 0.0611. No effects involving time and no interaction effects approached significance. NKA levels [[ ao were higher in phase 1 than in phase 2 and tended to be ~ higher in patients than in controls. These differences ap-~ so peared primarily in baseline levels on pentagastrin day. m ~0 There was no discernable response to pentagastrin. Baseline ~ NKA levels on pentagastrin day were positively related to baseline ACTH levels (r = 0.7, p = 0.001).
Catecholamines, VIP, cnd Substance P
Data on additiong.! hormones are only available from phase l, so the main analysis was two-way ANOVA (diagnosisby-time). Useful data was not available from all subjects and the resultant small sample sizes made patient-control comparisons unlikely to be meaningfully interpretable. Our interest centered on "time" effects, which might reflect responsivity to the infusion. The main effect of time was significant in the two-way ANOVAs for ~inephrine [F(9,45) = 2.5, p = 0.019] and VIP [F(12,72) = 2.0, p = 0.034], approached significance for norepinephrine [F(9,63) = 1.978, p = 0.057], and was not significant for dopamine [F(9,54) = 0.679, p = 0.72] and substance P IF(! 2,84) = 1.2, p = 0.27]. Epinephrine showed a striking, consistent, and brief response, with a spike present l min after infusion but gone at 3 min after infusion in six of seven subjects (see Figure 4) . Epinephrine levels were significantly elevated above baseline levels only at the + l min time point It(6) = 3.9, p = 0.008]. VIP levels fell slightly over the baseline period to a nadir at 1 rain after infusien, and then rose to a peak that was inconsistently maintained from 7 to 20 min after infusion before falling again. VIP levels at 7 and 20 min after infusion were significantly elevated above the +l rain trough It(7) > 2.6,p < 0.05 for both]. The nearly significant effect of time for NE was due to slowly rising .vidual subjects' data are presented in the lower graph (controls are represented by solid h'nes and patients by broken lines). The point of infusion is marked with a-rows. The x-axis was plotted with equal distance between sampling points rather than scaled to actual time to make the graphs more readable. See text for analyses.
levels from the beginning to end of the sampling period with no consistent response to the infusion itself. Epinephrine levels at l min after infusion (peak) "vere strongly related to baseline heart rate (r= 0.78,p < 0.05) but not to postinfusion heart rate or to blood pressure. There were no significant relationships between epinephrine and any measures of symptoms or HPA axis activity.
Discussion
CCK and HPA Axis
As far as we know, this data provides the first placebo-controlled confirmation of an early report that pentagastdn potently activates the HPA axis in humans (Degli Uberti et al 1983) . Data from our enlarged samples support our earlier impression (Abelson et al 199 l) that this response is a direct pharmacological effect and is not mediated by anxiety ~tot.ps¥ct4~¥ 9t |~~ symptoms or a nonspecific stress response. We found no relationship between the ACTH or cortisol ~sponses to pentagastrin and the symptoms produced. After placebo infusion there was a positive correlation b.~tween ACTH levels and the number of symptoms experie~ced, indicating that HPA activity is sensitive to nonspecif, c stressors in our experimental paradigm, but under the apparently potent stimulus of pentagastrin this positive association disappears. There is even a hint that for par, ic patients it inverts; the patients with higher levels of anticipatory anxiety and more symptomatic responses to pe~tagastrin tended to have smaller ACTH responses. Further support for the specificity of the ACTH response is provided by the lack of GH or NKA responses. GH is knowa to he a stress responsive hormone (Breier et al 1988) , but did not respond to pentagastrin despite the substanti~ subjective distress produced. NKA levels were strongly related to ACTH levels prior to the pentagastrin infusion, perhaps linked by shared responsivity to the stress of the procedure, but NKA levels did not rise following the it, fusion, indicating pharmacological specificity in pentagastrin's ~'.bifity to release ACTH. It is possible that pentagastrin has direct inhibitory effects on the release of GH (see below) or NKA, which block a stress response that might otherwise be seen, but this is still consistent with ph~a'macologically specific neuroendocrine effects.
Our data ~e consistent with the few other studies that have examined CCK-HPA interactions in humans. In the only other published study of HPA response to pentagastrin in humans (Degli Uberti et al 1983) , a dose of 0.5 Itg/kg produced ACTH and cortisol response curves nearly identical to ours. Cerulein, a naturally occurring CCK agonist, stimulates ACTH and cortisol responses in humans nearly identical to those eficited by CRH (Sp~ith-Schwalhe et al 1988) . Elevation in cortisol ~'ollowing CCK4 infusion has also been reported (de Montigny 1989) .
Neuroanatomical and pharmacological data from basic s~,udies are consistent with our findings and support a physiological role for CCK in modulating HPA axis activity. CCK/gast~ns are found within the pituitary and in parvocellular neurons in the paraventricular nucleus (PVN~ in ~e hypothatamus and are co-localized with ACTH and CRH (Larsson ~v Rehfeld 1981; Rehfeld 1978; ReIffeid and Larsson |98~; Rehfeld et al 1987 : Vanderhaeghen et al 1985 . CCK in the hypothalamus is regulated by adrenal activity (Mezey et al 1986) . CCK stimulates ACTH and 13-en~orphin release in vitro as well as in vivo (Matsumura et al 1983; Mezey et al 1986; Reisine and Jensen 1986) .
The mechanism by which CCK agonism releases ACTH has not yet been determined. There is some in vitro evidence that it is not mediated by CRH (Reisine and Jensen 1986) . Our data are consistent with this possibility in that the ACTH response we observed is comparable in size but considerably more rapid than that seen in ~ to either human or ovine CRH (Bardeleben and Holsboer ! 988; RoyByrne et al 1986). Peak ACTH levels occur ~ 5 ~ of pentagastrin infusion but not until about 30 ~ after CRH infusion. Even when intensive effort is rp~de to insure v~ rapid infusion of a CRH bolus, ~ ~ does ~ appear until 10-15 min after infusion (Young et al 1990) . T~ rapidity of the CCK-induced ACTH ~ is strikingly consistent across studies (Degfi Uberti et al 1983; Sl~th-Schwalhe et ai 1988) and clearly different from h~ CRH even ~n direct comparison (Spiith -SchwMbe et al 1988) . The 'ack 3f a relationship in our data between ~ ACTH response to pentagastrin and baseline cortisol levels also differentiates CCK-mediated HPA activation from CRH-meo ~liated actiw,tion and suggests that the CCK-mediated response may be relatively insensitive to cortisol feedback inhibition. In vitro, however, the CCK-induced response has been suppressible with dexamethasone, like CRHstimulated ACTH release (Matsumu~ et al 1983; Reisine and Jensen 1986) . The relive sensitivity of the ~o activators to glucocorticoid inhibition has not been directly examined in animal models in vivo. Clarification of the roles of CRH and of cortisol feedback inhibition in CCK-induced HPA activation will require further study.
Whether the ACTH response we observed is mediated by the CCK-B receptor also reins unknown. ~ evidence suggests that stimulation of the corticotroph by CCK is not mediated by either the CCK-A or CCK-B receptor, but may involve a third, novel CCK receptor subtype (Matsumura et al 1983; Reisine and Jensen 1986) . Substantial cross-species variation in the central distribution and function of the A and B receptor types makes it difficult to draw cross-species conclusions about CCK receptor subtype function, however. The intracellular mechanism by which CCK stimulates ACTH release is also not yet established but, in contrast to CRH, CCK-stimulated ACTH release does not appear to involve cyclic adenosine monophosphate (cAMP) (Reisine and Jensen 1986) .
HPA Axis and Panic Disorder
Our data suggest that panic patients do not differ from norn~al control subjects in their ACTH or cortisol responses to pcntagastrin. Interpretation is com01icated by the effect of phase on HPA axis activity. Discussion of patient-control comparisons in analyses that separate the two phases are speculative and preliminary, because cell sizes become quite small in these analyses. Phase 1 data did ~ise the possibility that patients had greater HPA response~ to pentagastrin, however, reflected in overall higher ACT.~ levels and greater postpentagasu'in cortisol secretion. Bec~use the elevated postpentagastrin cortisol levels could be due to elevated pre-infusion ACTH levels, it remained ~nclear whether patient-control differences reflected differ,. ~ nces in responsivity to pentagastrin or in responsivity to the experimental situation. Phase 2 data suggests that it is more related to situational factors than to drug effects since patients and controls looked nearly identical when studied after prior experience in the experimental situation. For baseline ACTH secretion, placebo responses, and postpentagastrin ACTH secretion, differences between patients and controls appear~ only during the subjects' first experience in the CRC. This phase effect is consistent with other reports that panic patients are hyperresponsive to "novel" stimuli, such as laboratory situations (Roth et al 1992) , and with evidence that the HPA axis is responsive to novelty stress (Breier et al 1987; Davis et al 1981; Voigt et a11990; Young et al 1990) . Apparent abnormalities in HPA axis activity in panic patients could thus be due to a secondary response of the axis to, for example, an abnormality in an arousal/vigilance system that creates hypersensitivity to experimental situations, rather than a prim~ pathophysiological defect within the HPA ~is i~lf. Our evidence that pentagastrin is less abnormally activating of the HPA axis in panic patients when they have had a prior benign experience in the experimental situation supports this possibili:y. Increased anticipatory anxiety in "novel" environments or situations could account for many of the apparent HPA axis abnormalities thus far reported in panic patients (Abelson et al 1991; Cart et al 1986; Goldstein et al 1987; Gurguis et al 1991; Nesse et al 1984; Roy-Byme et al 1986) . Basal elevations in ACTH levels, for example, appear more likely to be reported when they are measured just prior to first exposure to a complex procedure (Roy-Byme et al 1986) than when they are measured after more prolonged exposure to th: laboratory situation (Holsboer et al 1987) or in the context of a simple blood draw (Gurguis et al 1991) .
The strongest evidence for a more primary HPA axis abnormality comes from two reports of blunted ACTH responses to CRH in panic patients (Holsboer et al 1987; Roy-Byrne et al i986) , in one of these studies (Roy-Byme et al 1986), however, the blunted ACTH response could be secondary to situational factors. Baseline levels of ACTH and cortisol were elevated, perhaps due to an early secretory response to entry into the experimental situation. This acute stress response prior to the CRH challenge could then be responsible for the blunting following challenge, since both human (Young et al 1990) and animal data (Rivier and Vale 1983; Young and Aki! 1985) suggest that acute stress can be followed by an acute subsensitivity of pituitary corticotrophs to CRH challenge. The patient-control difference could therefore be due to events occurring before the infusion and not to differential responsivity to the CRH itself. This type of explanation applies less well to the CRH stimulation test data from the European group (Holsboer et al 1987) as subjects in their setting had a 6-hr period of accommodation to the laboratory situation, and the blood-drawing and infusion procedures were done out of view of the subjects. Perhapsthe reduced novelty and stressfulness of this paradigm accounts for the normal baseline levels of ACTH and cortisol seen, but ACTH responses to CRH remained blunted.. Unfortunately, this group's published reports (Bardeleben and Holsboer 1988; Holsboer et al 1987) do not facilitate full assessment of the possible effects of situational reactivity on their results. Procedures are not described in de~l. Patients' responses to the accommodation phase and ACTH secretory activity during it are not reported and could account for some of the subsequent blunting after CRH stimulation.
Though the effects of novelty sensitivity on panic patients' HPA responses to pentagastrin seemed clear in our data, follow-up studies explicitly designed to study this phenomenon are needed before definitive conclusions can be drawn. In retrospect it appeared to us that pentagastrin was given in a "high novelty/anticipatory anxiety" condition in phase I but in a lower "novelty/anticipatory anxiety" condition in phase 2. The conditions were not explicitly designed to create differential levels of stress or anxiety and subjects were not randomly assigned to condition, however. If appropriately designed studies confirm that differential sensitivity to novelty stress can contribute to differential neuroendocrine responsivity when panic patients are compared to controls, then study of receptor level sensitivities using pharmacological probes in this patient population will be much more difficult. The circumstances under which a neuroendocrine response is measured may markedly affect results and levels of novelty and anticipatory anxiety will need to be carefully controlled and monitored. Panic patients may need to be desensitized to the nonspecific stressors of the research setting before the pharmacological probe is applied if receptor level sensitivity to specific pharmacological effects of the probe are of primary interest. It was with this possibility in mind that we decided to use a fixed order, active-substance-second design in phase 2. The results suggest that this strategy may be appropriate in studies of this sort. A randomized-order design in phase 2 may have led us to the erroneous conclusion that exaggerated cortisol responses to pentagastrin are present in panic. Our novelty-effect findings must, however, be considered preliminary. The ultimate appropriateness of fixed or randomized order designs in neuroendocrine infusion studies in panic patients can only be determined by larger follow-up studies that utilize both designs to directly examine novelty effects.
We believe that further development and utilization of pentagastrin as a probe of the stress axis in panic patients, including manipulation and closer monitoring of preinfusion situational stressors, could help illuminate the nature of the apparent HPA axis dysregulation seen in some studies of panic disorder. Test-retest paradigms will be needed to |~84-~ examine the stability of the HPA response to pentagastrin over time and are especially important in light of panic patients' supersensitivity to first exposure effects. Further studies with CRH are also needed, but must include fuller descriptions of preinfusion activity in the axis.
CCK and Other Systems
The absence of GH response to pentagastrin in either patients or controls highlights the pharmacological specificity of the ACTH response. The fact that our panic patients had significantly lower GH levels overall than controls also adds to the growing body of evidence that patients with panic disorder have a regulatory abnormality in their GH axis (Uhde et al 1992) . Given the anxiety and subjective distress produced by pentagastrin (Abelson and Hesse 1994) , we might have expected some elevation in GH levels. There is both animal (Karashima et al 1984; Spencer et al 1991) and human data, however (Hair et al 1984) , that suggest that CCK agonism can inhibit stimulated GH secretion. This raises the possibility that CCK might play a role in the consistently blunted GH response to clonidine seen in patients with panic disorder (Abelson et al 1992) . Given that CCK agonism may play a role in anxiogenesis (Bradwejn et al i 991) , the possibility that it may also inhibit GH secretion is extremely intriguing, as CCK could therefore play a role both in symptom production in panic disorder and in the most robust neuroendocrine abnormality thus far identified in panic patients. The animal data on the effects of CCK on GH are not entirely consistent with an inhibitory effect (Matsumura et al ! 984) , but because of species variability in CCK function more human data is needed. Pentagastdn provides a useful tool to explore CCK-GH interactions in humans. Its ability to inhibit stimulated GH secretion in both normat controls and panic patients should be examined, as should the ability of CCK antagonists to reverse the blunted GH response to cionidine seen in patients with panic disorder.
The strong inverse relationship between baseline ACTH levels on pentagastrin infusion day and overall GH levels is intriguing. It suggests that those subjects whose HPA axes were most reactive to anticipation of the experimental procedure had the greatest tonic inhibition in their GH axes. There is some evidence that CRH can in fact inhibit GH release in animals (Rivier and Vale 1984) ; and some human data suggest that HPA axis hormones can modulate GH release patterns (Wiedemann et al 1991) . The overactivity of the HPA axis and underactivity in the HPS axis noted in some psychiatric disorders, including panic, may thus not represent entirely independent phenomena (Wiedemann et al 1991 ) . Our data provide one of the first demonstrations of a correlation between increased HPA reactivity and decreased HPS activity within a single group of panic patients. Discovery of the linkage mechanism could provide imporrant new infonration on GH ar~l ~ ~ ~ities in psychiatric disorders. ~ CCK appears ~ of both activating the HPA axis ~ ~biting GH release, ~ could mediate the link between the two systems.
The brief but consistent epinephrine ~ ~ ~ quite intrigding. We unfortunately did not collect + 1 min samples in phase 2 so we do not know if it is a response to ~ pentagastrin or to the act of being infused. It appeared simultaneously with or just before the appearance of symptoms but was not correlated with symptoms. Its rapidity, brevity, and consistency across subjects suggest that it way have been a first-pass pharmacol~cal response of the adrenal medulla to the CCK-B agonist. We are not aware of any studies examining ~ adrenal medulla for the presence of CCK-B receptors. The brevity of ~ response suggests that continuous sampling techniques may be critical for meaningful study ofcatecholamines in patients with anxiety disorders (Dimsdale and Moss 1980) .
Our data do not support the hypothesis that symptoms induced by peripheral release of vasoactive peptides such as NKA, VIP, or substance P might account for pentagastrin's panicogenic effects. The lack of peripherally detectable vasoactive peptide release may indicate that activity at or above the level of the pitui~ is more relevant to the role of CCK in anxiety disorders than activity in the pedpbery. NKA, substance P, and VIP are ~ found in the central nervous system as well as pedpberally and all have actions and neuroendocrine interactions that make them of potential interest to psychoneuroendocrine research (Brodin et al 1989; Gjerris et al 1984; Panza et al 1992; Reichlin 1988; Shen and North 1992; Tschope et al 1992) . Our data shed little light on their possible relevance to panic disorder; but the rise in VIP following pentagastrin infusion and the association between basal NKA and ACTH levels (raising the possibility that NKA is stress responsive) are findings that merit further exploration. Our data did provide a hint that a subset of patients might have elevated levels of substance P or VIP (data not presented), but there were too few subjects and too much variance to draw any real conclusions. Further study of these peptides in panic patients may still be warranted.
Implications
If follow-up studies support the hypotheses that CCK modulates HPA axis activity independenti~ of CRH, via different intracellular mechanisms, and with differing sensitivity to glucocorticoid feedback inhibition, this would be of great theoretical interest to biological psychiatry. Multihormonal control of the HPA axis is clearly supported by available data and likely reflects the critical importance of the stress axis in mammalian adaptation (Axelrod and Reisine 1984) . Multihormonal control of the axis may allow its continued responsivity to acute stressors even when chronic stress or other factors may have reduced its responsivity to some activators (Reisine and Jensen 1986) . CCK could participate in acute stress axis activation in psychiatric patients who have reduced responsivity to CRH. Evidence that panic patients have normal ACTH responses to pentagastrin but blunted responses to CRH (Bardeleben and Holsboer 1988; Roy-Byme et al 1986) is consistent with this possibility, although other factors may be involved for panic patients (see above). Application of the pentagastrin stimulation test to other psychiatric disorders that demonstrate blunted ACTH responses to CRH will provide additional tests of this hypothesis. The possibility that psychiatric patients might have differing ACTH and cortisol responses to two ACTH secretogogues that work through differing mechanisms and with differing sensitivi~!e~ to feedback inhibition creates intriguing new avenues for study of stress axis regulation in these populations. The roles of hypercortisolemia or cAMP (Charney et a11989; Smith et al 1989) in HPA axis dysregulation, for example, could be explored using combined infusions of pentagastrin and CRH.
Our data caution us to be careful about the conclusions we draw from neuroendocdne studies in patients with panic disorder because nonpharmacological aspects of experimental paradigms may influence endocrine responses to phramacological probes. An apparent abnormality in regulation of the HPA axis in panic patients (Holsboer et a11987; Roy-Byme et al 1986) , for example, could be due to an
